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TESTS     OF    CONCRETE    AND  REINFORCED 
CONCRETE    I7ALL  FOOTINGS 

1.  Preliminary. 

Reliable  information,  if  any  such  exists,  as  to 
working  stresses  in  wall  footings  is  quite  limited.  This 
investigation  is  a  continuation  of  Y/ork  described  in  the 
theses  of  Brand  and  Bushnell  ,  1908,  and  Bressler  and  HJort 
1909,  "both  of  the  University  of  Illinois.      Its  purpose  is 
the  determination  of  safe  working  stresses  which  may  he  used 
in  designing  footings  with  reinforcement.      The  tests  were 
made  under  conditions  as  nearly  actual  as  possible. 

2.  Scope  of  Tests. 

Thirty-one  footings  were  tested.      Of  these,  6 
were  plain  concrete,  18  had  longitudinal  reinforcement  only, 
and  7  had  both  longitudinal  and  web  reinforcement.      The  pro- 
portions in  the  plain  concrete  footings  were  1-1-2,  1-2-4  and 
1-3-6.      One  specimen  of  the  first  and  last  mixtures  was 
tested  and  four  of  the  1-2-4  mixture.      The  reinforced  foot- 
ings with  the  exception  of  No.  1716  and  No.  1717  were  of  a 
1-2-4  mixture.      These  two  were  1-1-2.      The  percent  of  re- 
inforcement varied  from  0.42$  to  l.&5#.      Three  pieces  were 
made  for  each  percent  and  method  of  reinforcement,  but  only 
two  of  each  were  tested.      The  third  piece  is  to  be  tested 
later.      The  results  v/ere  compared  and  conclusion  drawn. 
All  tests  were  made  at  an  age  of  from  60  to  100  days . 
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These  tests  are  a  part  of  the  investigations  on 
concrete  and  reinforced  concrete  "being  carried  on  "by  the 
Engineering  Experiment  Station  of  the  University  of  Illinois . 
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II  Theory  and  Available  Data. 

So  far  as  can  be  ascertained,  little  or  nothing 
regarding  working  stresses  and  manner  of  failure  of  wall 
footings  is  known  or  if  known  it  has  not  been  put  in  such  a 
form  as  to  be  accessible  for  reference.      Two  sets  of  exper- 
iments have  been  carried  on  in  the  Laboratory  of  Applied 
Mechanics  at  the  University  of  Illinois.      The  test  pieces 
used  in  this  series  of  tests  were  designed  with  a  view  of 
taking  advantage  of  the  knowledge  gained  from  the  previous 
tests.      The  methods  of  testing  used  were  the  direct  results 

of  experience  gained  in  the  previous  tests.      The  methods  of 
attacking  the  problem  will  be  discussed  under  the  following 
heads.    (3)  notation.     (4)  Classification  of  stresses.  (5) 

Tensile  and  Compressive  stresses  in  TCall  Footings.      (6}  Bond 
Stresses.      (7)  Vertical  and  Horizontal  Shearing  Stresses.  (8) 
Diagonal  Tension  in  Concrete. 

3  -  notation  . 

The  notation  is  the  same  as  that  used  in  Bulletin 
Eo.  29,  University  of  Illinois  Engineering  Experiment  Station: 
Tests  of  Reinforced  doncrete  Beams:      Resistance  to  Web  Stresses, 

Series  of  1907  and  1908. 

b  =  breadth  of  footing.     (12  in.  in  all  cases  I 


&  =  distance  from  the  compression  face  t®  the 

center  of  metal  reinforcement.  (10  in.  inall 


A  =  area  of  cross  section  of  longitudinal  reinforce 
ment . 

m  =       =  ratio  of  area  of  metal  reinforcement  to 
p  hd 

area  of  concrete  above  center  of  reinforcement 
O'  =  Circumference  or  periphery  of  one  reinforcing 
"bar. 

n  =  number  of  reinforcing  "bars. 
E  =  modulus  of  elasticity  of  steel. 
Ec=  initial  modulus  of  elasticity  of  concrete  in 
compression. 


f  =  tensile  stress  per  unit  of  area  in  metal  rein- 
forcement . 

d'=    distance  from  center  of  reinforcement  to  cen- 
ter of  gravity  of  compressive  stresses . 

j  =  ratio  of  d*  to  d,  df  =  jd. 

M  =  resisting  moment  at  the  given  section. 

s  =  horizontal  tensile  stress  per  unit  of  area  in 
the  extreme  f ibre  of  the  concrete . 

u  =  Bond  stress  per  unit  of  area  on  the  surface  of 
the  reinforcing  "bars. 

v  =  vertical  shearing  stress  and  horizontal  shear- 
ing stress  per  unit  of  area  of  the  concrete. 

h  =  depth  of  plain  footings  (12  in.  in  all  cases) 

W  =  total  load  on  footing. 

of 

y  =  distance  to  the  center  of  gravity /loads  on  one 


cases ) 


moduli . 
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cantilever  from  the  fece  of  the  pier, 
ratio  of  the  depth  of  the  neutral  axis  of  a  sec- 
tion "below  the  top  to  d. 

_dm 
dV 

Total  shear  at  any  point, 
closure  of  springs  under  middle  of  footing, 
closure  of  springs  under  end  of  footing. 

4.  Classification  of  Stresses. 

A  wall  footing  may  rightly  "be  considered  as  a  modi- 
fication of  a  cantilever  "beam  and  the  stresses  to  "be  consid- 
ered in  design  will  "be  classified  as  follows. 

(a)    Tensile  and  compressive  stresses  in  wall  footings. 

("b)    Bond  stresses. 

(c)  Vertical  and  horizontal  shearing  stresses. 

(d)  Diagonal  tension  in  concrete. 

5.  Tension  and  compression:     The  formula  used  in  calculat- 

g 

ing  the  tension  in  the  steel  was  M  =fspj"bd  .      Tension  in  the 

concrete  heing  neglected.      The  values  of  j  were  calculated 

"by  the  formula  j  =  1  -  ~  and  the  values  of  k  "by  the  formula 
  3 

k  =    l/z  pn  +  (pn)2  -  pn. 

Due  to  the  fact  that  as  the  load  was  applied  the 
ends  of  the  footing  tended  to  deflect  upward  as  referred  to 
the  middle  of  the  footing  and  thus  modify  the  distribution 
of  the  load,  it  "became  necessary  to  devise  a  means  of  deter- 
mining the  value  of  the  "bending  moment,  (M).  By  measure- 
ment it  was  found  that  the  deflection  varied  in  a  straight 
line  from  the  middle  of  the  footing  to  the  ends.      This  fact 


k  = 

c  = 

V  = 

dm  = 
de  = 


6 


led  to  the  conclusion  that  as  the  load  was  increased  the 
center  of  gravity  of  the  loads  on  the  cantilever  moved  in 
toward  the  pier  and  that  the  proportional  part  of  the  load 
carried  "by  the  cantilever  decreased.      The  following  was 
then  employed  as  the  proper  method  of  determining  the  posi- 
tion of  the  center  of  gravity  of  the  loads  on  the  cantilever 
as  referred  to  the  face  of  the  pier,  and  the  proportional 
part  of  the  load  carried  by  the  cantilever.      Consider  the 


load  distributed  as  shown  in  Figure  1 


A 


D 


Figure  1. 


F 
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dm  =  closure  of  springs  at  center. 

de  =  closure  of  springs  at  the  end. 
dm 

-«r"  c- 

y    =  distance  of  center  of  gravity  of  loads  on  one 
cantilever  measured  from  the  face  of  pier. 

24  de  x  12  +  12  (dm  -  de)  8 

y  =  


12  (de  +  dm) 
Reducing  and  simplifying, 

y  =  8  + 


6 


Substituting  c  for  -dJ- 


y  =  8  + 


1  +  to 
de 


8 

l~  +  ~c 
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This  value  reduces  to  about  y  =  11.72  in.  for  0.85$  reinforce- 
ment at  elastic  limit  of  steel. 

To  determine  the  portion  of  the  load  carried  by  the 
cantilever,  referring  to  Figure  1,  the  total  load  is  represent 
ed  by  the  total  area  AGFBCD;  the  part  carried  by  the  cantilevei 
by  the  area  BPBC .      Then  the  area  EFBC  is  to  the  total  area  as 

(§5L+_*§)  24  is  to    24  (dm  +  de )  +  12  dm. 
2 

Substituting  c  for  -|^- ,  simplifying  and  reducing 

AGPBCp  = 

EFBC        2  +  — - — 
c  +  1 
c 

Simplifying  Q  +  1 

3c  +  2 

Therefore  the  proportional  part  of  the  load  carried  by  the 

cantilever  =  -----  W, 
3c  +  2 

where  W  equals  the  total  load. 

By  multiplying  the  expression  for  y  by  that  for 
the  load  on  the  cantilever  an  expression  for  the  moment  is 
obtained;  for  convenience,  however,  the  value  for  y  and  the 
load  on  the  cantilever  will  be  obtained  independently  in  all 
cases . 

6 .      Bond  Stresses . 

The  bond  stresses  were  calculated  from  the  formula 

mo  jd 

the  point  under  consideration.      The  bond  stress  was  calculated 


u  =  ----- ?  y  being  the  total  shear  at 


for  a  point  directly  under  the  edge  of  the  pier 
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7.    Vertical  and  Horizontal  Shearing  Stresses. 

The  vertical  and  horizontal  shearing  stresses  are 
equal  (Bulletin  Ho.  29,  Tests  of  Reinforced  Concrete  Beams, 
University  of  Illinois). 

The  shearing  stresses  in  a  reinforced  "beam  may  he 
calculated  in  the  same  manner  as  those  in  a  homogeneous  team, 
if  an  equivalent  section  of  concrete  he  assumed  to  carry  the 
stress  in  the  steel  reinforcement.      A  simpler  solution  is 
obtained  as  follows: 

Figure  2  represents  a  differen- 
tial portion  of  a  beam  when  total 
vertical  shear  is  V. 

v  =  vertical  shearing  stress 

per  unit  area, 
b  =  width  of  beam. 
C  =  T 
CT   =  T' . 

Total  shearing  stress  in  any  horizontal  plane  between 
the  steel  and  the  neutral    axis  will  be  T'  -  T. 


UL 


-M 


Figure  2. 


v  = 


T1  -  T 
~bdl~~ 


Taking  moments  about  A,  Ydl  =  (T'  -  T)  jd.  Therefore, 


*  ■  -w 


and 

described  in  Article  6. 


v  =  — ~it  V  being  again  obtained  as 
b  jd 


8.    Diagonal  Tension    in  Concrete. 

Ho  practical  method  has  as  yet  been  devised  for  cal- 
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dilating  stresses  due  to  diagonal  tension.      Several  formulas 
have  "been  proposed  all  of  which  are  more  or  less  cumbersome 
and  productive  of  results  which  do  not  justify  their  use  here. 
For  this  reason  the  value  of  the  vertical  shearing  stress  will 
"be  considered  as  sufficiently  accurate  to  he  used  as  an  appro* 
imate  value  of  the  stresses  due  to  diagonal  tension. 
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III  Material,  Test  Pieces  and  Methods 

of  Testing. 

9  -  Materials. 

The  materials  used  in  the  making  of  the  test  footings 
were  the  same  as  those  used  in  making  of  all  test  pieces  for 
the  experimental  work  in  the  Laboratory  of  Applied  Mechanics 
of  the  University  of  Illinois  during  the  season  1910-1911. 
The  material  is  fairly  representative  of  the  material  used 
in  first-class  building  operations  throughout  the  middle  west- 
ern portion  of  the  United  States. 

10  -  Sand. 

The  sand  was  of  good  quality,  well  graded,  and  gen- 
erally clean;  it  weighed  104  lb.  per  cu.  ft.  loose.      Table  1 

gives  the  results  of  mechanical  analysis  of  this  sand. 

Table  I. 
Mechanical  Analysis  of  Sand. 

Samples  of  1000  grams.  Percent  passing  sieve. 

 Sample  Uumber.  

Analysis  by  Brooks  and  Haeffner    Anders'on    Kent  &  Math 


Sieve      1    '      g  T~~     ~l  ""5  6~  T  "8 


no 


Feb. 6    Feb. 6    FebT7    Feb. 7      Mar. 11  Mar. 11  Mar. 13  Mar.l 


3  100.0  100.0  100.0  99.7  99.0  99.8 

4  99.1  98.9  99.1  99.0  99.2  99.4   

5  95.3  95.1  95.7  94.1  98.5  98.1  98.0  98.8 
10  65.4  63.7  65.9  63.7  84.5  84.1  82.6  84.3 
12  58.1  55.7  57.7  55.6  78.4  78.5  76.8  78.7 
16  51.9  48.7  51.3  49.3  72.0  72.3  70.1  72.1 
18  42.5  39.9  41.9  40.5  60.2  59.7  57.1  59.9 
30  26.6  24.6  26.3  25.3  33.3  33.5  39.3  34.0 
40  14.5  13.0  14.7  13.9  19.7  19.9  19.3  20.1 
50  5.4  4.6  5.9  5.4  8.2  8.7  8.7  9.0 
74  2.1  1.7  2.3  2.3  3.7  3.9  4.0  4.3 

150  0.8  0.5  0.8  0.8  0.6  1.0  1.3  0.9 


fc 
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11  -  Stone. 

The  stone  was  a  good  quality  of  crushed  limestone 
from  Kankakee,  Illinois,  ordered  screened  through  a  1-inch 
and  over  a  l/4-inch  screen.      It  contained  about  50$  voids 
and  weighed  about  82  lb.  per  cu.  ft.      In  the  determination 
of  the  voids  in  the  stone,  the  material  was  poured  slowly  into 
water  to  obviate  the  retention  of  air,  and  Table  2  gives  re- 
sults of  mechanical  analysis  of  8  samples  of  this  stone. 

Table  2. 
Mechanical  Analysis  of  Stone. 

Samples  of  2000  grams .  Percent  passing  screen. 

 Sample  dumber.  


Size  of     Analysis  by  Brooks  and  Haeffner  Anderson 


Screen 
inches . 

1 

2 

3 

4 

5 

6 

Feb. 11 

Feb. 11 

Feb. 11 

Feb. 11. 

Mar. 13 

Mar .14 

1 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

3/4 

95.7 

97.0 

95.2 

94.1 

95.3 

94.3 

1/2 

93.3 

61.0 

56.2 

60.9 

58.5 

57.6 

3/8 

38.7 

40.4 

33.3 

36  .7 

30.3 

30.9 

3 

17.7 

23.4 

17.6 

19.9 

13.7 

15.3 

5 

2.9 

5.0 

6.0 

4.7 

2.3 

1.6 

10 

2.1 

3.1 

4.3 

3.2 

1.8 

1.1 

Kent  and  Math. 

Size  of    _J7  8  

Screen  Mar. 18  Mar.  18. 
Inches 


1 

3/4 

98.4 

91.1 

1/2 

60.7 

41.2 

3/8 

35.0 

16.7 

3 

16  5 

7.0 

5 

2.8 

2.2 

10 

1.8 

2.0 
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IE .Cement . 

The  cement  was  Universal  Portland,  furnished  "by  the 
manufacturers . 

The  results  of  "briquette  tests  on  4  samples  of  this 
cement  are  given  in  Table  3.      Tests  were  made  according  to 
standard  practice.      Ottawa  standard  sand  was  used  for  the 
1-3  tests,  except  where  noted.      The  values  given  are  the  aver- 
age of  five  "briquette  tests. 


Table  3. 

Tensile  Tests  of  Universal  Cement 
Sample         Date  7 -Day  S8-Day 


Bo  . 

neat 

1-3 

neat 

1-3 

1 

Oct. 

14 

589 

198 

275# 

674 

27e 

323# 

2 

Uov. 

EE 

684 

227 

709 

^83 

3 

Jan . 

15 

653 

240 

731 

319 

4 

Mar. 

14 

66S 

214 

696 

28S 

#Concrete  sand  used. 

13.  Concrete. 

Men  accustomed  to  mixing  concrete  and  making  test 
pieces  were  employed  in  the  work.      Care  was  taken  in  measuring, 
mixing  and  tamping  to  secure  as  uniform  a  concrete  as  possible. 
All  materials  were  proportioned  by  loose  volume,  and  weights 
were  taken  as  a  check  on  the  measurement.      The  mixing  was 
done  with  shovels  by  hand.      The  sand  and  cement  were  first 
mixed  dry;  the  stone,  which  had  previously  been  thoroughly 
moistened,  was  added  and  the  mass  then  turned  until  of  a  uni- 
form appearance .      Water  was  then  added  in  such  porportion  as 
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to  give  a  fairly  wet  mixture.      The  mass  was  again  turned 
until  thoroughly  mixed. 

14.  Steel. 

The  steel  reinforcing  "bars  consisted  of  plain  round 
rods  and  deformed  bars.      The  round  rods  were  open  hearth  mild 
steel  of  various  diameters  and  having  an  elastic  limit  of  about 
40,000  lb.  per  sq.  in.      The  deformed  bars  were  l/2  in.  square 
corrugated  bars  with  "new  style"  corrugations,  and  were  made 
of  a  steel  having  an  elastic  limit  in  the  neighborhood  of 
55,000  lb.  per  sq.  in. 

15.  Test  Footings. 

In  all  the  tests  described  the  cross-section  of  the 
footing  was  12  x  12  in.      The  center  of  the  longitudinal  rein- 
forcement was  placed  10  in.  below  the  upper  surface  of  the 
cantilever.      The  pier  in  all  cases  was  12  x  12  x  12  in.  placed 
as  near  the  center  of  the  footing  as  possible.      One  set  of 
test  pieces  had  the  pier  made  a  day  later  than  the  base;  in 
another  the  pier  was  separated  from  the  base  by  a  sheet  of 
building  paper.      In  all  others  the  wall  footing  was  monolithic 
With  but  two  exceptions  the  total  length  of  footing  was  5  ft. 

16.  Making  the  Footings. 

The  footings  were  built  directly  on  the  concrete 
floor  of  the  laboratory  with  a  strip  of  building  paper  beneath 
the  forms.      The  forms  were  generally  removed  after  seven  days t 

but  generally  the  footings  were  not  moved  until  ready  to  be 
tested . 
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17.  Storage  of  Test  Specimens. 

The  footings  were  left  on  the  floor  of  the  mixing 
room  until  ready  to  he  tested,  when  they  were  removed  to  the 
Testing  Laboratory .      The  footings  were  dampened  occasionally 
to  prevent  too  rapid  drying.      The  temperatures  of  the  storage 
room  ranged  from  55°  to  70°  F. 

18.  Apparatus  Used  and  Methods  of  Testing,  JlacVm  nsed. 

The  footings  were  tested  in  the  200,000-lb.  Olsen 
he am- testing  machine . 

Method  of  testing:-  An  attempt  was  made  to  approx- 
imate as  nearly  as  possible  the  actual  condition  existing  in 
service  with  a  footing  in  place.      In  order  that  the  soil 
pressure  on  the  footing  "be  approximated  as  nearly  as  possible t 
the  test  piece  was  placed  on  a  "bed  of  steel  springs.  The 
springs  were  of  l/2  in.  wire,  2-1/2  in.  in  diameter  and  7  in. 
high.      The  number  of  springs  used  varied  in  the  different 
tests.      In  the  test  of  Footings  Uo .  1701,  1703  and  1705, 
thirty  springs  were  used,  arranged  in  sets  of  three  each.  The 
springs  in  each  set  were  4-1/2  in.  center  to  center,  and  the 
sets  were  spaced  6  in.  center  to  center. 

In  the  tests  of  Footing  Ho .  1707,  60  springs  were 
used  in  twelve  sets  of  five  each.  The  springs  were  spaced 
2-1/2  in.  center  to  center  and  the  sets  3  in.  center  to  center 

In  the  test  of  Footing  Ho.  1709,  54  springs  were 
used.      There  were  eighteen  sets  of  three  each.      The  four  end 
sets  ftwo  at  each  end)  were  spaced  2-1/2  in.  apart,  the  re- 
maining fourteen  being  spaced  5  in.  center  to  center.  The 
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sets  were  spaced  4-1/2  in.  center  to  center. 

In  the  tests  of  Footings  Ho.  1712,  1716,  1721,  1724, 
and  1727,  eighty  springs  were  used  arranged  in  twenty  sets  of 
four  each,  spaced  3  in.  center  to  center. 

The  springs  in  a  set  were  held  in  place  "by  dowels 
which  just  fitted  inside  the  springs,  spaced  3  in.  center  to 
center  and  were  fastened  to  a  steel  plate,  3  i  1/4  x  12  in. 

Upon  the  completion  of  the  above  tests,  it  was 
decided  that  the  number  of  springs  used  was  insufficient  to 
produce  a  bearing  surface  of  the  desired  uniformity,  so  in 
all  other  tests  the  number  of  springs  was  increased  to  100, 
and  the  bearing  plates  increased  to  3  z  3/8  x  15  in.  The 
number  and  spacing  of  the  sets  remaining  the  same;  the  number 
of  springs  in  each  set  being  five . 

The  footing  rested  directly  upon  the  bearing  plates . 

In  order  to  properly  distribute  the  load,  a  cast 
iron  block  12  in.  square  and  3  in.  thick  was  bedded  on  top  of 
the  pier    by  means  of  plaster  of  pari3 .      In  order  that  con- 
ditions might  be  obtained  approximating  those  existing  with  a 
wall  footing  under  a  concentrated  load,  a  small  steel  rod  was 
placed  on  top  of  the  cast  iron  block  directly  over  the  center 

of  the  footing,  and  the  head  of  the  machine  was  brought  down 

the  machine 

until  it  just  touched  the  rod. At  this  stage  of  the  test/was 
balanced  as  it  was  proposed  not  to  consider  the  weight  of  the 
footing  as  a  part  of  the  load.      The  load  was  applied  in  in- 
crements of  about  10,000  lb.      The  distance  from  the  under 
surface  of  the  footing  to  the  machine  bed  was  measured  at  both 
ends  and  at  the  middle,  on  both  sides  of  the  footing.  These 
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measurements  gave  the  amount  of  closure  of  the  springs  at  the 
points  mentioned  and  were  proportional  to  the  load  up  to  a 
certain  stage  of  the  test,  varying  with  the  amount  of  rein- 
forcement, hut  became  irregular  as  soon  as  the  elastic  limit 
of  the  steel  was  reached.      The  sides  of  the  test  pieces 
were  examined  carefully  after  each  application  of  the  load  for 
cracks  and  other  evidence  of  distress.      The  first  crack 
appeared  at  a  load  of  from  17,000  lb.  to  40,000  lh.      To  aid 
in  detecting  these  cracks  the  sides  of  the  footing  were  white- 
washed with  a  thin  coat  of  plaster  of  paris. 

19.      Explanation  of  Tahles. 

Tables  1,  and  2  are  mechanical  analyses  of  sand  and 

stone.      Table  3  gives  the  average  results  of  the  tensile 

tests  of  five  briquettes  for  each  of  the  cements  used.  Table 

4  gives  the  vertical  shearing  stress  and  modulus  of  rupture 

of  the  control  beams  ma.de  from  the  same  batch  of  concrete  as 

the  footings    carrying  the  same  number.      Table  5  gives  the 

values  of  jffor  different  percents  of  reinforcement )used  in 
calculating  stresses  in  the  steel. 

Table    6  gives  the  values  of  y  used  in  calculating  the  bending 
moments  for  the  critical  load  for  each  footing.      Table  7  give 
the  maximum  load  an  the  modulus  of  rupture  for  the  plain  wall 
footings.      Table  8  gives  the  mixture,  reinforcement  and  brand 
of  cement  used  in  wall  footings  with  straight  longitudinal 
reinforcement.      Table  9  gives  the  age,  maximum  applied  load, 
assumed  critical  load;  stress  in  steel,  vertical  shear  and 
bond  stress,  at  the  critical  load;  load  and  bond  stress  at 
the  first  crack;  load  and  stress  in  concrete  at  first  indie- 
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ations  of  compression  failure,  and  manner  of  failure  of  rein 
forced  concrete  footings.      Tables  10  and  11  give  the  same 
information  regarding  wall  footings  with  rods  "bent  up  as  is 
given  by  Tables  8  and  9  for  wall  footings  with  straight  long 
itudinal  reinforcement. 

Table  5. 

Values  of  J  Used  in  Calculating 
Stresses  in  Steel. 

Percent  of  "Value  of 

Reinforcement.  J  . 

0.42  0.901 

0.52  0.892 

0.55  0.889 

0.77  0.874 

0.85  0.871 

0.98  .  0.862 

1.00  0.861 

1.04  0.859 

1.25  0.852 
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Table  llo  .  4  . 


Tests 

of  Plain 

Concre  te#Control 

Beams . 

ITurabs  t 

Age  in 

Load,  in 

Mixture 

Modulus  of  Rupture 

Days 

Pounds 

lb 

t>er  So  .  In 

1701 

205 

2340 

1-3-6 

229  5 

1703 

205 

4330 

1-2-4 

JL     *■«/  * 

415  7 

1704 

51 

2355 

1-2-4 

230  5 

1707 

89 

2245 

1-2-4 

99  A  3 

1709 

82 

2170 

1-2-4 

214  0 

1712 

101 

2725 

1-2-4 

260  7 

1713 

29 

2300 

1-2-4 

?26  5 

1716 

100 

4170 

1-1-2 

401  5 

1721 

89 

2245 

1-2-4 

??4  ^ 

1722 

29 

2300 

1-2-4 

1724 

82 

2170 

1-2-4 

?i  4  n 

1725 

55 

1695 

1-2-4 

1728 

55 

1695 

1-2-4 

X  V  » VJ  4  vJ 

1732 

112 

-L>  -L.  W 

3990 

1-2-4 

374  5 

1742 

113 

3990 

1-2-4 

374,5 

1745 

84 

3810 

O  <J  JL  »m/ 

1  -2-4 

_L      t-v  "X 

380.0 

1747 

51 

2355 

1-2-4 

230.5 

1748 

84 

3810 

1-2-4 

■X.       Uj  ^ 

357.0 

1751 

57 

2720 

1-2-4 

264.5 

1752 

79 

3630 

1-2-4 

349.5 

1754 

63 

2790 

1-2-4 

261.2 

1755 

79 

3630 

1-2-4 

349.5 

1757 

63 

2790 

1-2-4 

261  .2 

1758 

84 

3465 

1-2-4 

336.0 

1761 

57 

2720 

1-2-4 

264  .5 

1762 

84 

3465 

1-2-4 

336.0 
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Tat>le  6. 

Values  of  y  Used  in  Calculating 
Bending  Moment. 


Footing 
ITumber 

1712 
1713 
1716 
1717 


Percent  of 
Reinforcement 

0.98 
0.98 
0.98 
0.98 


Value  of 
y  -  in. 

11.70 

11  . 76 
11  .90 
11.90 


Average 

y 


11.815 


1721  0.55  11.82 

1722  0.55  11.56 

1724  0.55  11.79 

1725  0.55  11.78 

1727  0.55  11.79 

1728  0.55  11.57  11.72 

1731  1.25  11.76  11.76 

1741  0.52 

1742  0.52  11.35 

1751  0.52  11.66 

1752  0.52  11.68 
1754  0.52  11.78 


1755  0.52  11.88  11.67 


1744  0.77 

1745  0.77  11.50  11.50 

1747  0.42  11.73 

1748  0.42  11.78  11.755 

1757  1.04  11.82 

1758  1.04  11.79  11.805 

1761  0.85  11.76 

1762  0.85  11.70  11.73 


Mean  value  of  y  =  11.72  inches. 
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Table  7. 

Data  on  Tests  of  Plain  Concrete 
Fall  Footings. 

Footing       Age      Kind  of       Cement       Maximum     Modulus  of  Lengtn 


dumber 

Days 

Concrete 

load  Ids . 

Rupture 

of 

Footi 
ft. 

1701 

86 

1:3:6 

U 

20,300 

5 

1703 

86 

1:£:4 

u 

28,120 

m 

5 

1704 

89 

1:2:4 

u 

15,400 

357 

5 

1705 

100 

1:1:2 

u 

27,900 

645 

5 

1707 

88 

1:2:4 

u 

49,600 

583 

3 

1709 

83 

1:2:4 

u 

11,800 

424 

7 
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Tahle  8 . 

Data  of  Fall 

Footings  With  Straight 

Longitudinal  Reinforcement. 

Footing 
Fumhe  r 

Kind  of 
Concrete 

Cement  Reinforcement 

Description  Percent 

Length 
in  Ft . 

1712 

1:2:4 

IT 

6-l/2"Plain  Round  Rods 

0.98 

5 

1713 

1:2:4 

IT 

tt              tt              Tt  »t 

0.98 

5 

1716 

1:1:2 

TJ 

6-l/2"Plain  Round  Rods 

0.98 

5 

1717 

1:1:2 

TT 

Tt                    Tt                   It  ft 

0.98 

5 

1721 

1:2:4 

U 

6 -3/8 "Plain  Round  Rods 

0.55* 

5 

1722 

1:2:4 

u 

tt         tt         tt  tt 

0.55 

5 

1724 

1:2:4 

u 

6-3/8"Plain  Round  Rods 

0.55* 

5 

1725 

1:2:4 

u 

n         n         tt  tt 

0.55 

1727 

1:2:4 

u 

6-3/8 "Plain  Round  Rods 

0.55* 

5 

1728 

1:2:4 

u 

n.         n         tt  tt 

0.55 

5 

1741 

1:2:4 

u 

2-5/8"Plain  Round  Rods 

0.52 

5 

1742 

1:2:4 

u 

tt         tt         tt  tt 

0.52 

5 

1744 

1:2:4 

u 

3- 5/8 "Plain  Round  Rods 

0.77 

5 

1745 

1:2:4 

u 

ft                     ft                     tt  Tf 

0.77 

5 

1747 

1:2:4 

u 

2-l/2"Square  Corrugated  0.42 

5 

1748 

1:2:4 

it 

tt          tt          tt  tt 

0.42 

5 

1751 

1:2:4 

IT 

2-5/8"Plain  Round  Rods 

0.52 

R 

1752              1'2*4              TJ            "          it          n  tt 

^Footing  Uo.  1727  was  monolithic.                                  and  "beam. 
*Footing  ITo.  1724  had  "building  paper  placed  "between  the  pier/* 
*Footing  ITo .  1721  had  the  pier  made  one  day  later  than  the  "beam 
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Tahle  10. 


Data  of  Wall  Footings  with  Rein- 
forcing Bars  Bent  Hp. 

Footing    Kind  of  Cement  Reinforcement 

Efumber      Concrete         Brand         Description  Percent 

1731         1:2:4  -  U  6-1/2"  Square  1.25 

Corrugated 

1754  1:2:4  U  2-5/8"  Plain  0.52 

Round  Rod 

1755  1:2:4  IT  2-5/8"  Plain  0.52 

Round  Rod 

1757  1:2:4  TJ  4-5/8"  Plain  1.04 

Round  Rod 

1758  1:2:4  U  4-5/8"  Plain  1.04 

Round  Rod 

1761  1:2:4  U  4-1/2"  Square 

Corrugated  0.85 

1762  1:2:4  U  4-1/2"  Square 

Corrugated  0.85 


Disposition 
4  Bent  Up . 


Bent  up  to 
within  2"  of 
top  and  "back 
8". 

Bent  up  to 
within  2"  of 
top  and  back 
8". 

Bent  up  to 
within  2"  of 
top  and  "back 
10". 
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hi 
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lit 
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i 
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EC      Deflection  Diagrams. 

In  looking  over  the  data  from  the  tests  there  was  no 
apparent  load  which  could  he  chosen  as  the  one  at  which  to 
calculate  stresses,  for  if  these  stresses  were  calculated  at 
the  ultimate  load;  due  to  changed  conditions  in  the  test  piece 
impossible  stresses  in  the  reinforcing  oars  were  obtained. 
This  difficulty  was  overcome  "by  plotting  the  deflections  of 
the  end  of  the  test  pieces,  referred  to  the  middle  of  the  foot 
ing,  as  ahscissa  and  the  loads  as  ordinates.      In  this  way  a 
curve  was  obtained  somewhat  similar  to  that  for  a  tension  test 
of  steel .      The  point    on  these  curves  which  would  correspond 
to  the  elastic  limit  in  the  steel  curve  was  chosen  as  a  crit- 
ical point  or  the  load  at  which  the  different  stresses  must 
he  calculated  if  any  uniformity  of  results  was  to  he  obtained . 
The  uniformity  of  the  results  obtained  seem  to  justify  this 
method  of  procedure . 

21.      Notes  on  Tests  and  Failures  of  Wall  Footings. 

In  order  that  a  clear  idea  of  the  method  and  cause 
of  failure  of  the  test  pieces  may  be  gained,  a  detailed  descri 
tion  of  the  failure  of  each  will  be  given. 

Ho.  1701.      Plain  footing  1-3-6  concrete.      The  foot 
ing  failed  suddenly  after  a  load  of  20,300  lb.  had  been  sus- 
tained for  about  one-half  minute.      The  line  of  failure  was 
33  in.  from  the  north  end  on  the  east  side  and  30-1/2  in.  from 
the  north  end  on  the  west  side.      The  deflection  diagram  of 
all  concrete  footings  was  a  straight  line.      Ho  preliminary 
indications  of  failure  were  given  in  any  of  the  plain  footings 
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Ho.  1703.      Plain  1-2-4  concrete.      Footing  failed 
suddenly  in  line  with  north  edge  of  pier  at  28,120  lb.  as  load 
was  "being  applied. 

Ho.  1704.      Plain  1-2-4  concrete,  the  same  as  Ho. 
1703.      The  specimen  failed  suddenly  while  load  was  being  appli- 
ed at  15,400  lb.      The  line  of  failure  was  27  in.  from  the 
north  end. 

Ho.  1705.      Plain  1-1-2  concrete.      The  specimen 
failed  at  27,900  lb.  after  sustaining  the  load  for  about  l/2 
min.      The  failure  was  not  as  violent  as  the  1-3-6  mixtures. 
The  line  of  failure  was  28  in.  from  the  north  end. 

Ho.  1707.      Plain  1-2-4  concrete.      This  footing  was 
only  3  ft.  long.      The  failure  occurred  suddenly  while  the  load 
was  being  applied  at  49,600  lb.      The  line  of  failure  was  16-1/2 
in.  from  the  north  end. 

Ho.  1709.      Plain  1-2-4  concrete.      The  length  in 
this  case  being  7  ft.      The  footing  failed  while  load  was  being 
applied,  at  11,800  lb.      The  line  of  failure  was  40  in.  from 
the  north  end. 

Ho.  1712.  Reinforcement.      Six  l/2  in.  plain  round 
rods  (.98%).      Due  to  the  fact  that  the  sides  of  this  footing 
were  not  whitewashed,  no  crack  was  detected  until  the  total  load 
was  78,500  lb.      At  this  load  two  cracks  appeared;  one  at  21  in. 
from  the  north  end  on  the  east  side  and  the  other  25-1/2  in. 
from  the  north  end.      On  the  west  side  at  the  same  load  two 
cracks  appeared;  26  in-  from  the  north  end,  the  other  25  in. 
from  the  same  end.      All  of  these  cracks  extended  toward  the 
edge  of  the  pier.      These  cracks  opened  as  the  load  increased. 
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The  load  was  carried  tip  to  166,000  It.,  "but  no  actual  failure 
took  place  as  the  springs  at  the  center  had  completely  closed 
"before  this  point  in  the  loading  was  reached.      With  the  load 
at  166,000  lb.  there  were  three  cracks  in  the  footing,  one 
starting  21  in.  from  the  north  edge  on  the  east  side  and  23-1/2 
in.  from  the  north  edge  on  the  west  side;  the  second  25  in. 
from  the  north  edge  on  the  east  side  and  26  in.  from  the  north 
edge  on  the  west  side;  the  third  25-1/2  in.  from  the  south  edge 
on  the  east  side  and  25  in.  from  the  south  edge  on  the  west 
side.      All  cracks  extended  upward  toward  the  edges  of  the 
pier.      Prom  the  deflection  curve  (See  Section  20}  it  was  found 
that  actual  failure  occurred  at  a  load  of  89,000  lb.  and  was 
due  to  the  reinforcement  having  passed  the  elastic  limit . 

Ho.  1713.      Reinforcement  the  same  as  in  Ho.  1712. 
At  40,000  lb.  a  crack  appeared  directly  under  the  north  edge 
of  the  pier  and  extended  almost  vertically.      At  47,000  lb. 
a  crack  appeared  directly  under  the  south  edge  of  the  pier 
and  extended  vertically  upward.      At  65000  lb.  a  crack  appeared 
about  2  in.  south  of  the  center  of  the  footing  and  extended 
almost  vertically  upward.      At  71,700  lb.  a  crack  appeared 
about  16  in.  from  the  north  end  of  the  footing  and  extended 
diagonally  toward  the  edge  of  the  pier.      At  ^6,900  lb.  a  crack 
appeared  about  2  in.  to  the  north  of  the  center  of  the  footing 
and  extended  vertically  upward.      At  105,000  lb.  concrete 
crushed  along  upper  edge  of  base  near  the  pier  on  south  side. 
At  119,800  lb.  a  crack  appeared  44  in.  from  the  north  edge  on 
the  east  side  and  46-1/2  in.  from  the  south  edge  on  the  west 
wide  and  extending  toward  the  edge  of  the  pier.      At  a  load  of 
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125,300  lb.  the  footing  failed  suddenly  by  diagonal  tension 
along  the  crack  which  appeared  at  11^,800  lb.      Before  actual 
failure  occurred  the  "beam  of  the  specimen  showed  evidence  of 
compression  failure  5  in.  from  the  upper  surface  of  the  test 
piece.      The  deflection  curve  seemed  to  indicate  that  failure 
actually  occurred  at  89,000  lb.  as  the  steel  at  this  load 
reached  the  elastic  limit. 

ITo.  1716.      1-1-8  Concrete.      Reinforcement  the  same 
as  1712.      At  22,800  lb.  a  crack  appeared  directly  under  the 
north  edge  of  the  pier.      At  86,400  lb.  a  number  of  fine  cracks 
appeared,  the  most  noticeable  starting  21-1/2  in.  from  the 
north  end  on  east  side  and  extending  toward  the  center  of  the 
pier.      On  the  west  side  20-1/2  and  28  in.  from  the  north  end 
and  extending  vertically  and  19  in.  from  the  south  end  and 
extending  toward  the  edge  of  the  pier.      At  a  load  of  106,300 
lb.  a  crack  appeared  1  in.  to  the  south  of  the  middle  of  the 
footing.      At  a  load  of  139,000  lb.  the  springs  had  closed  com- 
pletely at  the  center.      Ho  actual  failure  took  place  but  the 
deflection  curve  indicated  that  the  elastic  limit  of  the  steel 
was  reached  under  a  load  of  91,500  lb.      The  stresses  were 
calculated  for  this  load. 

Ho.  1717.      Reinforcement  and  concrete  same  as  in 
Ho.  1712.      At  a  load  of  35,600  lb.  the  first  cracks,  three  in 
number,  appeared;  one  under  the  north  edge  of  the  pier,  one 
under  the  south  edge  of  the  pier,  and  one  2  in.  to  the  north 
of  the  middle  of  the  footing.      At  a  load  of  60,100  lb.  a  crack 
appeared  21-1/2  in.  from  the  north  edge  on  the  east  side  and 
22-1/2  in.  from  the  north  edge  on  the  west  side.      At  a  load  of 
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68,800  lb.  a  crack  appeared  24-1/2  in.  from  the  south  end  on 
the  east  side  and  24-3/4  in.  from  the  south  end  on  the  west 
side.      This  crack  extended  toward  the  edge  of  the  pier.  At 
a  load  of  97,900  lb.  the  concrete  appeared  to  be  failing  in 
compression  at  the  upper  surface  of  the  footing  and  the  cracks 
opened  perceptibly.      At  a  load  of  131,400  lb.  the  springs  had 
closed  completely.      Ho  complete  failure  took  place  but  the 
cracks  under  the  edges  of  the  pier  had  opened  5/16  in.  The 
deflection  curve  showed  that  the  steel  reached  its  elastic 
limit  when  the  load  was  90,000  lb.  and  the  stresses  were  cal- 
culated for  this  load. 

Ho.  1721.      Reinforcement  6    3/8  in.  plain  round 
rods  (.55$)    Pier  made  one  day  later  than  base.      At  a  load 
of  48,100  lb.  cracks  appeared  26-1/4  in.  from  the  south  end 
on  the  east  side  and  25-1/2  in.  and  37  in.  from  the  south  end 
on  the  west  side.      At  a  load  of  63,800  lb.  cracks  appeared 
18-1/4  in.  from  the  south  end  east  side  and  20  in.  from  the 
north  end  west  side.      At  a  load  of  72,000  lb.  cracks  25-3/4 
in.  from  the  south  end  on  both  sides  opened  perceptably.  At 
a  load  of  77,100  lb.  cracks  appeared  19-1/4  in.  and  23  in. 
from  the  north  end  east  side  and  24-1/2  in.  from  the  north  end 
west  side.      At  a  load  of  103,700  lb.  the  rods  slipped.  At 
a  load  of  114,400  lb.  the  middle  springs  had  completely  closed 
and  the  rods  had  slipped  from  l/4  in.  to  3/8  in.  at  the  north 
end.      They  did  not  slip  at  the  south  end. 

In  the  last  stages  this  was  clearly  a  bond  failure ; 
an  3xamination  of  the  deflection  curve  showed,  however,  that 
the  steel  reached  its  elastic  limit  at  a  load  of  62,000  lb. 
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The  stresses  were  calculated  for  this  load. 

ITo.  1722.      Reinforcing  same  as  in  Ho.  1721.      At  a 
load  of  34,700  lb.  a  crack  appeared  32-1/2  in.  from  the  north 
end  on  east  side  and  34  in.  from  the  north  end  on  the  west 
side.      Two  other  cracks  appeared  while  the  load  was  "being 
increased  from  34,700  lb.  to  70,200  lb;  one  25  in.  from  the 
north  end  on  "both  sides,  the  other  23-1/2  in.  from  the  south 
end  on  the  east  side  and  21  in.  from  the  south  end  on  the 
west  side.      At  a  load  of  70,200  lh.  the  concrete  appeared 
to  he  failing  in  compression  underthe  edges  of  the  pier,  the 
load  fell  off  and  all  the  cracks  opened  perceptibly .  After 
this  point  was  reached  the  load  went  on  slowly.      At  a  load 
of  116,700  lh.  the  middle  sets  of  springs  had  completely  closed 
The  crack  under  the  north  edge  of  the  pier  had  opened  .6  in. 
hut  otherwise  the  test  piece  apparently  had  not  failed.  An 
examination  of  the  deflection  showed  that  the  reinforcement 
had  reached  its  elastic  limit  at  a  load  of  63,000  lh.  The 
stresses  were  calculated  for  this  load. 

No.  1724.      Reinforcing  same  as  in  1721.      At  a  load 
of  32,300  lh.  a  crack  appeared  about  4  in.  to  the  south  of  the 
center  of  the  footing.      At  a  load  of  40,000  pounds  a  crack 
appeared  23-1/2  in.  from  the  north  end.      At  a  load  of  48,000 
lh.  a  crack  appeared  21  in.  from  the  south  end.      At  a  load 
of  62,000  lh.  the  north  crack  opened  perceptibly .      At  a  load 
of  76,300  lh .  the  center  crqck  opened  perceptibly .      At  a  load 
of  89,900  lh.  the  concrete  appeared  to  he  failing  in  compress- 
ion at  the  upper  surface  and  the  south  crack  opened  perceptibly. 
At  a  load  of  97,700  lb.  the  middle  sets  of  springs  had  complete 
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ly  closed,  but  the  footing  had  not  suffered  a  complete  failure 
An  examination  of  the  deflection  curve  showed  that  the  steel 
reached  its  elastic  limit  at  a  load  of  59,000  lb.  The  stresse 
were  figured  for  this  load. 

Ho.  1725.      Reinforcement  same  as  in  Ho.  1721.  The 
pier  in  this  footing  was  made  one  day  later  than  the  base  and 
was  separated  from  it  by  a  sheet  of  building  paper.      The  first 
crack  appeared  at  a  load  of  26,500  lb.,  3  in.  inside  the  south 
edge  of  the  pier.      At  a  load  of  33,700  lb.  a  crack  appeared 
directly  under  the  north  edge  of  the  pier  extending  upward. 
At  a  load  of  40,300  lb.  another  crack  appeared  1  in.  outside 
the  south  edge  of  the  pier  and  extended  upward,  later  Joining 
the  first  crack  at  the  south  edge  of  the  pier.      These  cracks 
did  not  open  appreciably  until  a  load  of  68,900  lb.  had  been 
applied.      The  cracks  from  this  time  on  continued  to  open  with 
application  of  each  additional  load.      At  a  load  of  88,900  lb. 
the  concrete  failed  in  compression,  at  the  upper  surface  of  the 
base  on  both  sides  along  the  edge  of  the  pier;at  a  load  of 
105,000  lb.  the  springs  at  the  center  had  closed,  and  the  test 
was  discontinued.      The  cracks  had  opened  on  an  average  of 
0.4  in.    From  the  deflection  curve  (See  Section  20)  it  was 
found  that  actual  failure  occurred  at  a  load  of  58,000  lb. 
and  was  due  to  the  reinforcement  having  passed  the  elastic 
limit . 

TTo.  1727.      Same  reinforcement  as  No.  1725.  Wall 
footing  monolithic.      Two  cracks  appeared  at  a  load  of  32,000 
lb;  one  directly  under  the  north  edge  of  the  pier  extending 
upward  and  the  other  directly  under  the  south  edge  of  the  pier. 
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At  a  load  of  40,500  lb .  a  small  crack  appeared  5  in.  nearer 
the  center  of  the  footing  than  the  first  crack  and  extended 
vertically  half  way  Tip  the  "beam  of  the  footing.      This  crack 
did  not  increase  in  length  after  its  first  appearance .  At 
a  load  of  49,500  lb.  two  more  cracks  appeared;  one  20  in. 
from  the  north  end  and  the  other  17-1/2  in.  from  the  south 
end  of  the  "base.      The  cracks  did  not  open  appreciably  until 
a  load  of  62,300  lb.  had  been  applied,  at  which  point  the 
load  fell  off  rapidly.      At  a  load  of  96,800  lb.,  the  concrete 
failed  in  compression  along  the  south  edge  of  the  pier.  At 
this  load  the  middle  sets  of  springs  had  completely  closed 
and  no  additional  loads  were  applied.        From  the  deflection 
curve  (See  Section  20),  it  was  found  that  actual  failure  occur 
red  at  a  load  of  58,000  lb.  and  was  due  to  the  reinforcement 
having  passed  the  elastic  limit. 

Uo.  1728.    Reinforcement  same  as  in  Ho.  1727.  The 
first  crack  appeared  at  a  load  of  24,000  lb.,  4  in.  inside  the 
south  edge  of  the  pier  and  extended  vertically  upward.  At 
a  load  of  30,600  lb.  a  second  crack  appeared  2  in.  inside  the 
south  edge  of  the  pier;  at  a  load  of  36,900  lb.  another  crack 
appeared  extending  from  a  point  2-1/2  in.  outside  the  north 
edge  of  the  pier  un  the  under- side  of  the  footing  up  to  the 
edge  of  the  pier.      At  a  load  of  66,500  lb.  the  fourth  and 
last  crack  appeared  extending  toward  the  north  edge  of  the 
pier  from  a  point  3  in.  inside  the  pier  on  the  lower  surface 
of  the  footing.      At  this  load  the  concrete  failed  in  compres- 
sion, the  succeeding  loads  being  taken  on  slowly  and  the  cracks 
opening  perceptably.      At  a  load  of  106,400  lb.  the  capacity 
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of  the  springs  at  the  center  was  reached.      The  cracks  had 
opened  from  .35  to  .4  in.      The  critical  load  was  58,000  lb. 


ated  "bars  (1.25$).      The  "bars  were  bent  up  as  shown  in  sketch 
page  61  .      At  a  load  of  27,800  lb.  several  hair  cracks  ap- 
peared along  the  lower  edge  of  the  beam.      At  a  load  of  35,800 
lb.  the  first  crack  appeared  18-1/2  in.  from  the  south  end 
of  the  footing.      At  a  load  of  61,600  lb.  a  crack  appeared 
under  the  south  edge  of  the  pier.      At  a  load  of  145,300  lb. 
the  concrete  failed  in  compression  1-1/2  in.  below  the  upper 
surface  of  the  beam.      The  capacity  of  the  springs  was  reached 
at  a  load  of  155,600  lb.      The  deflection  curve  showed  that 
the  critical  load  was  145,000  lb. 


rods  (.52$).      In  the  test  of  this  footing  the  closure  of  the 
springs  was  not  measured.      Instead  eight  openings  were  cut 
in  the  footing,  four  at  the  ends  and  four  under  the  edges  of 
the  pier.      These  openings  exposed  the  reinforcing  rods  and 
extensometers  were  fastened  to  the  rods  at  these  points.  The 
object  of  the  test  was  to  measure  the  slip  of  the  reinforcing 
bars  at  the      points  mentioned.      Due  to  faulty  placing  of  the 
extensometers,  the  readings  obtained  were  of  no  value  for  in 
no  case  was  the  actual  slip  recorded  after  the  load  had  reached 
a  sufficient  magnitude  to  cause  appreciable  slip.      At  a  load 
of  60,000  lb.  the  concrete  appeared  to  fail  in  compression  at 
the  upper  surface  under  the  edges  of  the  pier.      At  a  load  of 
68,900  lb.  the  rods  slipped  suddenly  about  3/4  in.  at  the  north 


Ho.  1731.    Reinforcement  6u-l/2-in.  square  corrug- 


3Jo.  1741.      Reinforcement  2-5/8-in.  plain  round 


end . 


i 
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ITo.  1742.      Reinf  orcenent  the  same  as  in  ITo .  1741, 
In  this  test  the  elongation  of  the  steel  was  measured  for  a 
gage  length  of  6  in.  under  the  edge  of  the  pier.      At  a  load 
of  32,600  lb.  the  first  crack  appeared.      At  a  load  of  57,200 
Id  .  the  cracks  opened  appreciable,  and  at  a  load  of  65,400  l"b . 
the  concrete  failed  in  compression.      At  this  load  the  elonga- 
tion in  the  steel  was  beyond  the  range  of  the  instrument  and 
the  measurements  on  the  steel  were  discontinued  and  at  a  load 
of  91,300  Id.  the  capacity  of  the  springs  was  reached.      The  de- 
flection diagram  showed  49,200  lb .  as  the  critical  load. 

ITo.  1744.      Reinforcement  3-5/8-in.  round  rods  (.77$) 
Six  extensometers  were  attached  to  the  steel  on  one  side  of  the 
footing  at  points  as  shown  in  sketch,  page  62.       It  was  found 
that  the  first  slip  occurred  under  each  edge  of  the  pier  at  a 
load  of  33400  lb.      Both  extensometers  under  the  edges  of  the 
pier  gave  practically  the  same  reading  for  the  same  load.  The 
extensometers  half  way  out  gave  the  first  signs  of  slip  at  a 
load  of  60,400  lb.      At  the  ultimate  load  of  84,000  lb.  the  rod 
slipped  at  both  ends. 

This  experiment  shows  that  the  rod  slipped  locally 
and  that  the  slip  gradually  traveled  along  the  rod  out  to  the 
ends . 

TTo .  1745.      P.einf  orcement  3-4/8-in.  plain  round  rods 
(.77$).      At  a  load  of  36,000  lb.  the  first  crack  appeared  about 
1  in.  inside  the  north  edge  of  the  pier  and  extending  upward 
about  1/2  the  depth  of  the  base.      At  a  load  of  44,100  lb.  three 
cracks  appeared;  one  directly  under  the  middle  of  the  footing. 


-  34  - 

another  19-1/2  in.  from  the  south  end  and  the  third  ahout  20  in 
from  the  north  end,  "both  these  last  cracks  extended  toward  the 
edge  of  the  pier.      At  a  load  of  79,600  lb.  the  concrete  failed 
in  compression  at  the  upper  surface  of  th^  footing,  the  load 
dropped  off  and  the  cracks  opened  perceptibly.      At  a  load  of 
98,200  lb.  the  middle  sets  of  springs  had  completely  closed, 
the  south  crack  had  opened  1  in.  and  the  rods  at  the  south  end 
had  slipped  1,  l/2  and  l/4  in.  respectively.      The  deflection 
curve  showed  that  the  steel  had  reached  the  elastic  limit  at 
a  load  of  71,000  lb.      The  stresses  were  calculated  for  this 
load . 

Ko.  1747.      Reinforcement  2-l/2-in.  square  corrugated 
f .42%) .      This  footing  was  tested  in  the  same  manner  as  Ho. 

1741  except  that  deflections  were  measured.      At  a  load  of 

25 

19,500  lb.  the  first  crack  appeared  at/in.  from  the  north  edge. 
These  cracks  did  not  appear  on  the  west  side  until  the  load 
reached  a  total  of  25,000  lb.      At  a  load  of  55,300  lb.  the 
cracks  were  opening  up  but  not  extending  up  the  footing.  At 
a  load  of  75,000  lb.  the  concrete  failed  in  compression.  At 
a  load  of  82,000  lb.  the  rods  had  slipped  at  the  south  end. 
The  deflection  curve  indicated  that  the  steel  had  reached  its 
elastic  limit  at  a  load  of  56,000  lb. 

No.  1748.      Reinforcement  same  as  1747.      At  a  load 
of  21,800  lb.  the  first  crack  appeared.      In  all,  four  cracks 
appeared,  one  23-1/2  in.  from  the  south  end,  another  15-1/2  in. 
from  the  north  end,  the  third  19-1/2  in.  from  the  north  end, 
and  the  fourth  24-l/2^from  the  the  north  end.      At  a  load  of 
66,200  lb.  the  concrete  failed  in  compression.      At  a  load  of 
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75.600  lb.  the  cracks  opened  perceptibly.      At  a  load  of  102, 
600  lb.  the  footing  failed  suddenly  and  completely  along  the 
crack  which  extended  from  19-1/2  in.  from  the  north  end  to  the 
north  edge  of  the  pier.      The  deflection  curve  showed  that  the 
footing  actually  failed  at  a  load  of  50,000  lb.      The  stresses 
were  calculated  for  this  load. 

Ho.  1751.      Reinforcement  1-5/8-in.  found  rod,  12-1/2 
ft.  long,  doubled  back  and  looped  at  the  ends  in  a  horizontal 
plane.   (0.52%).      The  first  crack  appeared  at  the  center  of 
the  base  and  extended  vertically  upward  at  a  load  of  32,600  lb. 
At  a  load  of  40,400  lb.  two  vertical  cracks  appeared,  one  under 
the  north  edge  of  the  pier  and  the  other  under  the  south  edge. 
At  a  load  of  57,800  lb.  a  new  crack  appeared  1-1/2  in.  outside 
the  south  edge  of  the  pier;  at  this  load  the  cracks  opened 
considerably.      at  a  load  of  73,000  lb  the  load  dropped  off 
while  the  machine  was  running  and  then  took  on  load  more  slowly 
At  a  load  of  81,000  lb.  the  concrete  failed  in  compression 
along  the  edges  of  the  pier.      At  a  load  of  103,400  lb.  the 
middle  sets  of  springs  closed  and  the  load  was  taken  off.  The 
cracks  had  opened  0.7  of  an  inch.      The  deflection  diagram 
showed  50,000  lb.  to  have  been  the  critical  load.      The  four 
middle  sets  of  springs  were  removed  and  the  load  again  applied. 
The  load  was  run  up  to  62,800  lb.  at  which  load  the  footing 
failed  along  the  south  edge  of  the  pier  and  all  the  concrete 
under  the  reinforcement  rods  in  the  south  cantilever  sheared 
off. 

Ho.  1752.      Reinforcement  2-5/8- in.  plain  round  rods. 
(0.52%).      At  a  load  of  25,200  lb.  two  cracks  appeared.  One 
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directly  under  the  south  edge  of  the  pier  and  the  other  Z  in. 
inside  of  the  north  edge  of  the  pier.      At  a  load  of  50,800 
lo.  the  cracks  opened  percept ibly.      At  a  load  of  60,600  lb. 
the  concrete  failed  in  compression  at  the  edges  of  the  pier. 
At  a  load  of  91,600  It.  the  middle  sets  of  springs  had  complete 
ly  closed.      An  examination  showed  that  the  rods  had  not  slip- 
ped at  the  ends.      The  deflection  curve  showed  that  actual 
failure  due  to  the  steel  having  passed  the  elastic  limit  took 
place  at  a  load  of  46,000  Ih . 

Ho.  1754.      Reinforcement  2-5/8-in.  plain  round  rods, 
(0.52$),  looped  up  at  the  ends  as  shown  in  sketch.      The  first 
crack  appeared  at  a  load  of  17,500  It),  directly  "below  the  centei 
of  the  pier.      At  a  load  of  24,300  lb.  two  cracks  appeared,  one 
3  in.  outside  the  south  edge  of  the  pier  and  the  other  directly 
under  the  north  edge  of  the  pier.      At  a  load  of  40,200  It), 
the  north  crack  opened  appreciably  and  at  a  load  of  47,500  lb. 
the  load  was  taken  on  much  slower.      At  a  load  of  56,000  It), 
the  south  crack  opened  and  at  a  load  of  80,200  lb.  the  middle 
sets  of  springs  had  completely  closed.      The  deflection  diagram 
showed  that  actual  failure  due  to  the  steel  having  passed  its 
elastic  limit  took  place  at  a  load  of  40,000  lb.      The  stresses 
were  calculated  for  this  load. 

Ho.  1755.      Reinforcement  same  as  in  ITo .  1751,  except 
that  the  rods  were  bent  back  at  the  ends  in  a  partial  circle 
8  in.  in  diameter  as  shown  in  sketch,  page  65    .        Stresses  in 
the  steel  were  measured  in  this  test  with  a  Berry  instrument, 
but  the  results  were  rather  donflicting,  in  that  they  showed 
the  stress  in  the  steel  increasing  beyond  the  elastic  limit 
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as  shown  "by  the  deflection  curve.      At  a  load  of  29,800  lh. 
a  crack  appeared  22  in.  from  the  north  end  on  the  east  side 
end  24  in.  from  the  north  end  on  the  west  side.      At  a  load 
of  39,800  lh.  a  crack  appeared  24  in.  from  the  south  end  on 
the  east  side  and  23-1/2  in.  from  the  south  end  on  the  west 
side.      At  a  load  of  47,400  Id.  the  crack  had  not  opened  more 
than  .01  in.,  hut  the  Berry  instrument  showed  that  the  elastic 
limit  of  the  steel  had  ahout  "been  reached.      At  a  load  of 
56,300  It),  the  cracks  opened  rapidly.      At  a  load  of  64,800  It. 
the  concrete  failed  in  compression  at  its  upper  surface.  At 
a  load  of  94,000  Ih.  complete  failure  occurred,  the  east  side 
of  the  south  contilever  "being  sheared  off  in  the  plane  of  the 
outer  reinforcing  rod.      The  deflection  curve  showed  that  the 
steel  reached  its  elastic  limit  at  a  load  of  40,700  lh.  The 
stresses  were  figured  for  this  load. 

Ho.  1757.      Reinforcement  4-5/8-in.  round  rods  (1.04$ 
curved  as  shown  in  sketch,  page  64.      The  first  crack  appeared 
extending  vertically  upward  from  center  of  the  "base  at  a  load 
of  42,000  lh.      The  second  at  a  load  of  50,000  lh . ,  1.5  in. 
outside  the  south  face  of  the  pier.      At  a  load  of  75,300  lh. 
another  crack  appeared  4  in.  outside  the  north  edge  of  the  pier 
The  cracks  opened  appreciahly  at  a  load  of  105,000  lh.  and  the 
additional  load  was  taken  on  more  slowly.      The  capacity  of 
the  springs  was  reached  at  a  load  of  112,900  lh.      The  crack 
at  the  center  had  "branched  out  toward  hoth  edges  of  the  pier. 
From  the  deflection  curve  (See  Section  £0),  it  was  found  that 
actual  failure  occurred  at  a  load' of  85,000  lh.  and  was  due  to 
the  reinforcement  having  passed  the  elastic  limit. 
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Ho.  1758.      Reinforcement  same  as  in  Ho.  1757.  First 
crack  appeared  at  a  load  of  32,500  lb.  under  the  north  edge 
of  pier.      Between  this  load  and  a  load  of  82,200  Id,  four 
other  cracks  appeared  distributed  under  the  pier,  the  most 
prominent  of  which  were  21  in.  and  25-1/2  in.  from  the  south 
end.      At  a  load  of  82,200  lb.  the  cracks  had  not  opened  more 
than  0.1  in.      At  a  load  of  92,400  lb.  the  concrete  failed  in 
compression  at  the  edges  of  the  pier  and  at  a  load  of  103,300 
lb.  the  cracks  opened  appreciably.      After  having  sustained  a 
load  of  121,00  lb.  for  perhaps  3  minutes,  the  footing  failed 
suddenly  and  completely  due  to  diagonal  tension  in  the  south 
cantilever.      The  deflection  curve  showed  that  the  steel  had 
reached  its  elastic  limit  at  a  load  of  85,000  lb.      The  stresse 
were  calculated  for  this  load. 

Ho.  1761.      Reinforcement  4-1/2- in.  square  corrugated 
bars  f 0.85$),  curved  as  shown  in  sketch,  page  65  ..     The  first 
crack  appeared  at  a  load  of  27,700  lb.  directly  under  the  north 
edge  of  the  pier.      At  a  load  of  35,000  lb.  a  crack  appeared 
2  in.  north  of  the  center  and  at  a  load  of  44,100  lb.  one  ap- 
peared under  the  south  edge  of  the  pier.      At  a  load  of  61,000 
lb.  a  diagonal  crack  appeared  extending  from  a  point  on  the 
lower  surface  of  the  footing  16  in.  from  the  north  end,  half 
way  up  the  beam  of  the  footing.      At  a  load  of  69,500  lb.  a 
fine  crack  appeared  7-1/2  in.  outside  the  south  edge  of  the 
pier  and  extended  toward  its  edge.      The  concrete  failed  in 
compression  at  a  load  of  80,200  lb.      At  a  load  of  107,200  lb. 
the  crack  3  in.  inside  the  north  edge  of  the  pier  opened  per- 
ceptibly, and  at  a  load  of  115,200  lb.  the  footing  failed  sud- 
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denly,  and  completely,  due  to  diagonal  tension.         The  deflec- 
tion curve  showed  that  the  steel  had  reached  its  elastic  limit 
at  a  load  of  102,000  lb.      The  stresses  were  calculated  for 
this  load. 

Ho.  1762.      Reinforcement  same  as  in  Ho.  1761.  At 
a  load  of  40,200  lb.  the  first  crack  appeared  under  the  center 
of  the  pier.      At  a  load  of  67,400  lb.  the  first  diagonal  crack 
appeared  44  in.  from  the  north  end  and  extended  toward  the 
edge  of  the  pier.      At  a  load  of  112,000  lb.  the  load  dropped 
off,  but  the  cracks  did  not  open  perceptibly.      At  a  load  of 
132,700  lb.  the  footing  failed  suddenly  and  completely,  due  to 
diagonal  tension  in  the  south  cantilever.      The  deflection 
curve  showed,  however,  that  the  steel  reinforcement  passed  its 
elastic  limit  at  a  load  of  99,200  lb.      The  stresses  were  cal- 
culated for  this  load. 

A.  Plain  Concrete  tfall  Footings. 

22.      Effect  of  richness  of  mixture. 

Cement  being  the  chief  element  of  strength  .in  concrete 
it  is  to  be  expected  that  the  greater  the  proportion  of  cement 
used,  the  greater  will  be  the  strength  of  a  plain  concrete 
wall  footing.      In  this  series  of  tests  were  included  test  of 
six  plain  concrete  wall  footings  representing  three  different 
mixtures.      The  results  from  so  limited  a  number  of  tests  can- 
not be  considered  as  a  basis  from  which  to  draw  any  definite 
conclusions  other  than  that  the  first  assumption  as  to  increase 
in  strength  due  to  increase  in  the  proportion  of  cement  used 
was  Justified. 
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23.  Effect  of  Length  of  Footing. 

Three  different  lengths  of  test  pieces  were  used  in 
this  series  of  tests.      The  mixture  for  all  lengths  was  the 
same .      Assuming  that  the  concrete  in  all  cases  was  mixed  and 
placed  with  the  same  amount  of  care,  any  difference  as  to  re- 
sults may  he  considered  as  "being  the  direct  result  of  this  var- 
iation in  length.      The  number  of  footings  tested  in  which  a 
comparison  as  to  the  effect  of  length  was  possihle  were  so  few 
as  not  to  permit  of  the  drawing  of  any  well  founded  conclusions, 
as  to  the  effect  of  a  variation  in  length.      The  results  as  to 
modulus  of  rupture  in  the  different  cases  tended  to  show  that 
with  the  same  depth  of  cantilever  an  increase  in  the  length  of 
the  footing  is  to  he  discouraged.      Judging  hy  these  tests,  it 
appears  that  since  the  greater  length  causes  a  corresponding 
increase  of  the  moment  arm  of  the  cantilever,  where  the  hearing 
power  of  the  soil  will  permit,  the  shorter  the  cantilever  the 
"better . 

B.  ¥all  Footings  with  Straight  Reinforcement. 

24.  Effect  of  Amount  of  Reinforcement. 

Sixteen  wall  footings  of  the  same  mixture  and  varying 
amounts  of  reinforcement  were  tested.      Those  having  the  greater 
percent  of  reinforcement  carried  the  greater  loads.      The  stress 
in  the  steel  was  found  to  he  influenced  somewhat  hy  the  size  of 
the  "bars,  those  having  the  smallest  diameter  developing  the 
greatest  unit  stresses.      This  was  prohahly  due  to  the  greater 
"bond  stress  developed  hy  the  smaller  rods  and  the  possible  higher 
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elastic  limit  developed  in  rolling.      Reinforcement  up  to  a 
certain  percent  increases  the  strength;  "beyond  this  percent 
the  concrete  would  fail  in  compression  or  diagonal  tension 
before  the  steel  would  he  stressed  to  its  elastic  limit. 
Good  practice  gives  one  percent  as  the  economical  limit  of  re- 
inforcement.     These  tests  have  shown  that  limit  to  he  well 
taken,  as  in  the  high  percents  of  reinforcement,  the  compress- 
ion in  the  concrete  was  calculated  to  he  close  to  the  ultimate 
at  the  same  load  as  that  at  which  the  elastic  limit  of  the 
steel  was  reached.      In  wall  footing  Ho.  1731,   (1.25%  reinfor- 
cement) the  stress  in  the  steel  was  58,000  lb.  at  the 'same 
load  at  which  the  compression  in  the  concrete  was  2400  lb. 

25.      Effect  of  Corrugated  Bars. 


the  total  load  and  the  stress  in  the  steel  being  much  greater 
than  when  plain  bars  were  used.      It  would  appear  that  the 
stress  in  the  steel  must  be  influenced  to  some  extent  by  the 
bond  stress.      The  bond  strength  of  the  corrugated  bars  is 
increased  by  an  amount  equal  to  the  shearing  strength  of  the 
concrete  corresponding  to  the  depth  of  the  corrugations.  As 
any  calculation  of  this  shear  could  only  be  approximated  and 
as  the  bond  stresses  calculated  for  the  footings  with  plain 
rods  were  exceedingly  high,  no  attempt  was  made  to  compute  the 
bond  stress  in  footings  with  corrugated  bars.      The  comparison 
is  based  on  footings  having  the  same  percent  of  reinforcement 
and  the  same  mixture . 


The  effect  of  corrugated  bars  was  very  marked,  both 
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26.  Appearance  of  First  Crack. 

The  first  crack  occurred  in  most  cases  directly  undei 
one  edge  of  the  stem.      In  the  earlier  tests  it  was  difficult 
to  determine  at  what  load  the  first  crack  appeared,  tut  later 
"by  whitewashing  the  sides  with  a  thin  coat  of  plaster  of  paris, 
the  first  appearance  of  the  crack  was  easily  distinguishable . 
The  crack  appeared  first  as  a  fine  hair  line,  extending  usually 
half  way  up  the  side;  the  first  was  soon  followed  "by  several 
others  distributed  along  the  lower  part  of  the  footing  "between 
points  about  2  in.  outside  each  edge  of  the  pier.      The  load 
in  most  cases  was  increased  to  at  least  twice  the  amount  at 
which  the  first  crack  appeared  "before  the  cracks  began  to 
open.      In  the  higher  percent  of  reinforcement,  a  great  number 
of  these  hair  line  cracks  appearbefore  any  of  them  began  to 
open.      The  load  at  which  the  first  crack  appeared  was  in  all 
cases  far  below  that  at  which  the  elastic  limit  of  the  steel 
was  reached.      This  would  indicate  that  such  a  crack  or  cracks 
may  be  apparent  without  seriously  affecting  the  strength  of 
the  footing. 

27.  Manner  and  Cause  of  Failure. 

Tension  failures:-  Failures  due  to  the  steel  rein- 
forcement having  reached  its  elastic  limit  seems  to  have  taken 
place  in  the  tests  of  all  the  reinforced  footings.      The  ten- 
sion cracks  which  in  nearly  all  cases  were  vertical,  continued 
to  extend  upward  until  the  elastic  limit  of  the  steel  was 
reached,  after  which  additional  loads  caused  them  to  open  per- 
ceptibly.     The  load  at  which  the  elastic  limit  was  reached 


-  43  - 

was  found  from  the  load-deflection  diagram;  at  this  load  it 
may  be  said  that  the  footing  has  failed  in  tension.  The 
succeeding  applications  of  the  load  carried  "by  the  footing 
must  "be  distributed  in  an  entirely  different  manner  than  was 
the  case  "before  this  load  was  reached,  since,  from  the  load- 
deflection  diagram  it  is  seen  that  only  a  fractional  part 
of  the  total  load  is  then  taken  hy  the  steel. 

Bond  Failures:-  Closely  connected  with  tension  fail- 
ures and  almost  identical  to  all  outward  appearances  during 
the  progress  of  the  tests  are  "bond  failures.      The  bond  stress 
is  directly  proportional  to  the  shear.      Hence  in  a  footing 
with  a  uniform  hearing  the  "bond  stress  varies  in  intensity 
from  zero  at  the  outer  end  of  the  cantilever  to  a  maximum  at 
the  edge  of  the  pier.      Considerable  difficulty  was  experienced 
in  determining  the  particular  load  at  which  to  calculate  this 
stress.      The  "bond  stress  at  the  first  crack  was  too  low  in 
comparison  to  the  stress  in  the  steel  to  attribute  the  crack 
to  this  cause  and  if  computed  at  the  ultimate  load  it  was  out 
of  all  proportion  to  the  values  found  in  tests  of  "bond  "between 
concrete  and  steel.      It  was  finally  decided  to  calculate  this 
stress  for  purposes  of  comparison  in  the  different  tests  at 
the  critical  load,  obtained  as  previously  explained  from  the 
load-deflection  curve. 

Three  complete  "bond  failures  were  recorded  during 
the  tests.      The  loads  at  which  the  bars  slipped  at  the  ends 
of  the  footing  were  so  great,  however,  as  to  cause  the  stresses 
in  the  steel,  if  calculated  for  these  loads,  to  be  so  high  as 
to  make  it  appear  exceedingly  doubtful  that  these  were  true 
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"bond  failures.  Failures  such  as  those  described  above  occurred) 
slowly  and  with  no  violence. 

Diagonal  Tension  Failures:-  ■  Failures  of  this  nature 
seem  possible  only  when  the  percent  of  longitudinal  reinforce- 
ment is  great  enough  to  permit  the  development  of  tensile 
stresses    in  the  concrete,  along  a  line  inclined  at  an  angle  of 
approximately  45°  to  longitudinal  reinforcement,  and  extending 
toward  the  edge  of  the  pier,  of  such  magnitude  as  to  cause  ten- 
sion failure  of  the  concrete.      The  appearance  of  such  a  crack 
is  the  first  indication  that  this  class  of  stress  has  attained 
a  dangerous  magnitude.      If  additional  load  he  applied  after 
the  appearance  of  this  crack  violent , sudden  and  complete  failure 
occurs  along  a  line  coinciding  with  the  center  of  the  horizon- 
tal reinforcement.      There  were  four  failures  of  this  nature  . 
recorded  during  these  tests,  all  of  which  took  place  at  loads 
far  in  excess  of  the  load  at  which  tlie  steel  reinforcement 
passed  its  elastic  limit. 

28.      Effect  of  Variation  in  the  Bond  Between  the  Base  and  the 
Pier. 

Piers  were  placed  on  the  "base  of  the  footing  in  the 
following  three  ways  in  order  to  determine  what  effect  the 
cohesion  "between  the  pier  and  the  base  had  upon  the  strength 
of  the  footing: 

(1)  Pier  and  base  made  monolithic. 

(2)  Pier  placed  on  base  one  day  after  base  had  been 
poured. 

(3)  Sheet  of  building  paper  placed  between  pier  and 
base,  so  that  all  bond  v/as  destroyed. 
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The  results  of  the  tests  show  conclusively  that  no 
variation  in  the  strength  of  the  footing  resulted  from  vari- 
ations in  the  "bond  "between  the  pier  and  base.  The  footings 
of  all  three  classes  failing  at  approximately  the  same  loads. 

29.  Discussion. 

The  strength  of  the  plain  concrete  footings  increased 
with  the  richness  of  the  mixture.      Ho  marked  difference  was 
noticeable  between  the  1-2-4  and  1-3-6  mixtures;  in  fact  the 
strength  of  the  footing  of  1-3-6  concrete  exceeded  that  of  two 
of  the  1-2-4.      This  was  probably  due  to  defective  mixing  or 
placing  of  the  concrete.      All  failures  were  due  to  tension  in 
the  concrete  and  occurred  suddenly  with  no  preliminary  signs 
of  distress.      The  extreme  fiber  stress  varied  from  357  lb. 
per  sq-  in.  in  the  1-2-4  mixture  to  645  lb.  per  sq.  in.  in  the 
1-1-2  mixture . 

In  the  tests  by  W.  Landor  of  plain  concrete  control 
beams  made  from  the  same  batches  as  these  footings,  the  modulus 
of  rupture  was  229.5  lb.  per  sq.  in.  in  the  1-3-6  mixture, 
401.5  in  the  1-1-2  mixture,  and  ranged  from  169  to  416  lb.  per 
sq.  in.  in  the  1-2-4  mixtures. 

By  the  use  of  straight  reinforcing  rods  the  strength 
of  the  footing  was  increased  from  400  to  600  percent  as  referred 
to  the  strength  of  the  plain  footings.      The  strength  increased 
with  the  amount  of  reinforcement  which  varied  from  0.42  to  1.25;' 
It  was  not  possible  in  most  cases  to  determine  the  immediate 
cause  of  failure,  but  an  examination  of  the  load- deflect ion 
curves  seemed  to  indicate  that  failures  had  actually  occurred 
at  a  load  far  below  the  ultimate.      The  failures  appeared  to 
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"be  due  to  the  steel  having  reached  its  elastic  limit.  In 
the  case  of  Ho.  1713,  a  complete  failure  due  to  diagonal  ten- 
sion occurred,  hut  an  examination  of  the  load-deflection  curve 
indicated  that  failure  due  to  the  steel  having  passed  its  elas- 
tic limit  had  occurred  earlier  in  the  test.      In  the  test  of 
three  footings  (Ho.  1721,  1741,  and  1744),  the  reinforcing 
rods  slipped  at  the  ultimate  load,  hut  as  in  the  case  of  Ho. 
1713,  the  deflection  curves  indicated  that  the  steel  had  passed 
its  elastic  limit  at  a  lower  load.      In  all  tests  the  load  was 
applied  until  a  point  was  reached  where  complete  failure  occur- 
red or  the  middle  sets  of  springs  had  completely  closed.  When 
this  point  was  reached  the  application  of  additional  load 
caused  no  additional  stress  in  the  test  piece,  the  springs 
under  the  pier  carrying  most  of  the  load  directly  to  the  bed 
of  the  machine. 


strength  of  the  footing  for  the  same  percent  of  reinforcement. 
This  was  due  to  these  bars  being  of  high  tension  steel  and  to 
their  greater  resistance  to  slip.      The  vertical  shearing  stress- 
es developed  ranged  from  175  lb.  per  sq.  in.  for  0.77%  reinfor- 
cement to  35C  lb.  per  sq.  in.  for  0.98%  reinforcement  for  plain 
round  rods.      The  square  corrugated  bars  developed  a  vertical 
shearing  stress  of  200  lbs.  per  sq.  in.  for  0.42%  reinforcement. 
The  bond  stresses  varied  from  365  to  571  lb.  per  sq.  in. 


of  the  footing;  they  seemed,  however,  to  decrease  the  deflection 
of  the  ends  of  the  footing  as  referred  to  the  center  and  thus 
produced  a  more  uniform  distribution  of  the  load;  hence  a  later 


The  use  of  corrugated  bars  greatly  increased  the 


The  bent  up  bars  did  not  materially  affect  the  s 
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complete  closing  of  the  middle  sets  of  springs.      This  state 
of  affairs  apparently  tended  to  develop  high  diagonal  tension 
stresses,  since  5Cfo  of  these  footings  ultimately  failed  from 
this  cause.      The  use  of  corrugated  hars  seemed  to  increase 
the  strength  of  the  footing  to  a  certain  extent,  hut  Just  how 
much  cannot  he  definitely  stated.      The  tending  of  the  longitud- 
inal reinforcement  in  a  horizontal  plane  as  was  done  in  wall 
footings  Ho.  1751  and  1752  appears  to  have  no  advantage  over 
straight  longitudinal  reinforcing  rods  with  a  percent  of  re- 
inforcement such  as  was  used  in  thewe  footings.      The  only 
"benefit  to  he  gained  from  such  a  method  of  reinforcing  is  an 
increased  ahility  to  resist  "bond  stresses  and  in  the  wall 
footings  mentioned  the  steel  reinforcement  passed  its  elastic 
limit  "before  the  "bond  stress  had  attained  a  dangerous  magnitude. 
TCith  a  higher  percent  of  reinforcement  this  method  of  reinforc- 
ing might  he  "beneficial,  hut  this  seems  rather  doubtful  when 
we  come  to  consider  that  with  higher  "bond  stresses  comes  an 
increased  tendency  to  fail  due  to  diagonal  tension.  Therefore, 
unless  the  wet  of  the  cantilever  he  protected  against  diagonal 
tension  stresses  the  tending  of  the  longitudinal  reinforcement 
in  a  horizontal  plane  is  not  to  he  recommended. 


/ 


t 
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V.  Conclusion 

Due  to  the  fact  that  it  is  almost  impossible  to 
obtain  uniformity  as  to  the  mixing  and  placing  of  concrete, 
a  high  factor  of  safety  should  "be  used  in  the  design  of  plain 
concrete  wall  footings.      That  this  variability  exists  and 
must  "be  guarded  against  is  shown  by  the  1-3-6  plain  concrete 
developing  a  greater  strength  than  the  1-2-4  mixture . 

Deformed  bars  have  a  decided  advantage  over  plain 
rods  in  that  they  affect  a  saving  of  steel  due  to  their  ability 
to  produce  higher  bond  stresses  for  the  same  area  of  contact. 
In  most  cases  their  cost,  the  cross-sectional  area  and  elastic 
limit  being  the  same,  is  higher  than  that  of  plain  rods.  In 
order  that  reinforcement  of  this  nature  be  economical  the 
additional  strength  gained  must  be  sufficient  to  allow  of  such 
a  decrease  in  the  cost  as  to  make  the  cost  of  a  footing  rein- 
forced with  deformed  bars  equal  to  or  less  than  that  of  a 
footing  reinforced  with  plain  rods. 

Tariations  in  the  cohesion  between  the  base  and  the 
pier  do    not  affect  the  strength  of  the  footing.      This  would 
mean  that  it  is  unimportant  as  to  whether  the  pier  be  placed 
on  the  base  as  soon  as  the  base  is  poured  or  sometime  after; 
also  that  it  is  not  necessary  to  secure  a  bond  between  the 
base  and  pier. 

Bent -up  bars  seem  to  have  no  decided  advantage  over 
straight  rods,  as  in  both  cases  the  primary  cause  of  failure  is 
due  to  the  steel  having  reached  its  elastic  limit.  TCith 


straight  rods  complete  failure  in  all  probability  results  from 
bond  stress  while  in  the  case  of  bent-up  rods  complete  failure 
is  due  to  diagonal  tension.  Tn  fact  it  seems  that  unless  the 
v/eb  of  the  cantilever  be  reinforced  by  stirrups,  the  bending 
up  of  the  longitudinal  reinforcement  alone  tends  to  enhance 
the  likelihood  of  diagonal  tension  failures  in  footings  having 
an  amount  of  reinforcement  above  about  0.855. 

The  best  method  of  reinforcement  it  seems  v/ould  be 
to  use  bent-up  rods,  but  instead  of  bending  them  up  as  was 
done  in  most  of  the  test  pieces,  bend  them  up  at  about  the  inner 
quarter  or  one-third  point  of  the  cantilever  in  the  same  manner 
as  those  in  footings  TTo.  1731  and  1732.       The  effectiveness  of 
this  method  of  reinforcing  is  demonstrated  by  the  fact  that 
ITo .  1731  carried  a  load  of  145,000  lb.  without  any  indications 
of  failure  other  than  a  few  small  tension  cracks .      This  footing 
would  in  all  probability  have  carried  a  much  higher  load  had  the 
capacity  of  the  springs  permitted  of  its  application. 

From  this  series  of  tests  the  following  values  are 
safe  working  stresses  to  be  used  in  the  design  of  footings. 
Extreme  fiber  stress  in  plain  concrete.  1-3-6,  50  lb.  per  sq .  in 
Extreme  fiber  stress  in  plain  concrete,  1-2-4,  60  lb.  per  sq.  in 
Extreme  fiber  stress  in  plain  concrete,  1-1-2,  65  lb.  per  sq.  in 
Maximum  vertical  shearing  stress,  110  lb.  per  sq.  in. 
Maximum  bond  stress,  round  bars,  90  lb.  per  sq .  in. 
Llaximum  bond  stress,  currugated  bars,  160  lb.  per  sq.  in. 
Tension  in  steel  (medium),  16,000  lb.  per  sq.  in. 
Tension  in  steel,  high  elastic  limit,  20,000  lb.  per  sq.  in. 
Maximum  compression  in  concrete  350  lb.  per  sq.  in. 


Photograph  of  Footing  showing  arrangement  of  springs  and 
typical  tension  and  "bond  failure. 


ograph  of  Footing,  showing  typical  shear  failure. 


» 


Photograph  of  Footing  showing  arrangement  and  manner  of 

adjusting  eztensometers ,   in  determining  where  slip  of  rods 
first  ocours. 
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Photograph,  of  Footing  showing  typical  diagonal  tension 

failure . 
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Photograph  of  Footing  showing  typical  diagonal  tension 
failure  with  reinforcing  rods  "bent  up  at  ends. 
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Footing:  ITo.  1701.    1-3-6  Concrete 


footing  TIo.  1704.      1-2-4  Concrete. 
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Footing  ITo.  2705.     1-1-2  Conarete. 
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Footing  No.  1707. 
1-2-4  Concrete . 
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Foot  ing  TJo . 

1709.  1 

-2-4  Concrete . 
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Ho.  1712.    Reinforcement  6  l/2-in.  plain  rounds. 

(0.98?o) 


No.  1713.    Reinforcement  6  l/2-in.  plain  rounds. 

(0.98$) 


Ho.  1716.    Reinforcement  6  l/2-in.  plain  rounds. 

(0.98$) 
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Ho.  1717.    Reinforcement  6  l/2-in.  plain  rounds 

(0.98%) 
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Ho.  1721.    Reinf or cement  6  3/8- in.  plain  rounds. 

f0.55^) 


No.  1732.     Reinforcement  5  3/8- 

(0.55%) 


in.  plain  rounds 
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No.  1724.     Reinforcement  6  3/8-in.  plain  rounds 

(0.55$) 


No.  1725.     Reinforcement  6  3/8-in,  plain  rounds. 

(0.55?$) 


y 

Wo.  1727.     Reinforcement  6  3/8-in.  plain  rounds. 

(0.55$) 
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T.o.  1728.    Reinforcement  6  3/8-in.  plain  rounds. 

(0+55$) 


Ho.  1731.    "Reinforcement  6  l/2-in.  square  Corru- 
gated. (t.Zb%) 
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Ho.  1741.    Reinforcement  2  5/8-in.  plain  rounds 
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\o.  1744.    Reinforcement  3 

f0.77^) 


5/8~in.  plain  rounds 


Ho.  1745.     Reinforcement  3  5/8-in.  plain  rounds. 

f0.77fo) 
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Ho .  1747.    Reinforcement  2  l/2-in.  square  corru- 
gated. (0.42?$) 


-  63  - 


ITo.  1748.    Reinforcement  2  l/2-in.  Square  Corru- 
gated. (0.42$) 


No.  1751.    Reinforcement  £  5/8-in.  plain  rounds 

(0.52%) 


Ho.  1752.    Reinforcement  2  5/8-in.  plain  rounds. 

fQ.52$) 
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TTo .  1754.    Reinforcement  2  5/0-in.  plain  rounds. 


Ho.  1758.    Reinforcement  4  5/8-in.  plain  rounds. 

(1.04$) 
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1 

Ho.  1761.    Reinforcement  4  l/2-in.  square  corru- 
gated.    ( 0.855) 


ITo.  1762.    Reinforcement  4  l/2-in.  square  corru- 
gated. (0.85$) 
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90,000 — fcotal  load  in  Pom 
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Footing  mxx.  1761 
1-2-4  Concrete 

Reinforcement  0  »85? 
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Toltal  Deflection  in  Injches 
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LoacL  "Defle  otion  Diagram 


Footing  ISo.  176H 
1-2-4  Concrete 
Reinforcement  O.B5%. 
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flotal  Deflection  in  Inches. 
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